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Identification of Low Phosphorus Tolerant Traits and
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Abstract; In order to explore new germplasms and develop new varieties of soybean with low phosphorus

(P)

tolerance ,a low phosphorus tolerant genetic population with 247 lines was used in this study. Nine

traits related to low P tolerance including plant height, root length , fresh weight of root,dry weight of root,

fresh weight of shoot,dry weight of shoot, root/shoot ratio, phosphorus content and utilization efficiency of

root

were studied under different P treatment conditions. The characteristics of the tested lines resistance

to low phosphorus were evaluated and elite germplasms were screened. The results showed that among the

nine

tested traits, except for plant height,there were ( extremely) significant differences between different

P treatments and between different materials, indicating that the low phosphorus treatment was effective

and the adaptabilities of lines were different. Then these eight characteristics were transformed into two

comprehensive indexes through the principal component analysis method, and the comprehensive evalua-

tion

values (D value) of 274 lines were calculated. Finally,the 247 lines were divided into 3 groups, low

P tolerant-, intermediate- and sensitive-group. In addition, 14 elite germplasms including ZN-251,ZN-299

and ZN-229 were selected for their high tolerance to low P stress.

Key

words: Soybean; genetic population tolerant to low phosphorus; Low phosphorus stress; Principal

component analysis; Cluster analysis; Elite germplasms
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Tab.1 Different characteristics variance analysis of

soybean lines under two different phosphorus treatments

AL PR i :
i 7.
[N AR AR Variance analysis

o Variance analysis .
Characteristic . among different
among different

P treatments

lines ( F value)

( F value)
) 0.935 182.441™
Plant height
R . .
2.032° 5.001
Root length
L . .
. . 1.746 29.839
Fresh weight of root
R B - "
. 1.855™ 69. 664
Dry weight of root
Hb I B A T . *
. 2.109 113.734
Fresh weight of shoot
Ho BT - -
. 2.036 11.017
Dry weight of shoot
e L v e
. 3.547 326.771
Root/shoot ratio
TR B 4 - .
67.556 " 191. 144
P content of root
G EN NI ES .
25.581 64.453

P use efficiency of root

w35 ROR B3 (P<0. 05) Ak 3 (P<0.01)
Note: * and #** indicate significant difference ( P<0.05) and extreme-

ly significant difference( P<0.01) respectively.
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Tab.2 Different characteristics analysis of soybean lines under two different phosphorus treatments

RN - %L Mean KA Max. IR /ME Min. brifiZE SD A5 R % CV
Characteristic LP CK LP/CK LP CK LP/CK LP CK LP/CK LP CK LP/CK LP CK LP/CK
MK /em Root length 21.47 21.21 1.02 25.00 25.00 1.23 17.83 17.50 0.82 1.28 1.44 0.08 5.97 6.80 7.91
Bk /em Plant height 81.32 98.41 0.83 114.00 141.00 1.26 47.00 61.00 0.59 14.33 13.79 0.11 17.62 14.01 12.72

0.54 0.42 1.38 0.97 1.19 3.96 0.19 0.17 0.39 0.15 0.16 0.44 27.94 38.74 31.73
Dry weight of root
AR 3T f /g

5.55 4.85 1.19 8.94 12.00 2.18 2.42 2.32 0.47 1.35 1.48 0.30 24.26 30.55 24.98
Fresh weight of root
i@J:TE\'BTﬁﬁJEE{/g

2.18 2.36 0.98 3.46  5.07 1.86 0.96 0.93 0.43 0.47 0.71 0.28 21.58 30.25 28.48
Dry weight of shoot
Ho b ARG ST g

12.57 16.26 0.81 19.68 35.25 1.49 6.08 8.10 0.32 2.46 4.41 0.21 19.58 27.14 26.00
Fresh weight of shoot
# 7 & Root/shoot ratio 0.25 0.18 0.73 0.50 0.30 1.71 0.16 0.11 0.33 0.04 0.03 0.15 17.52 17.76 20.98
WAES 7/ (g/kg)

4.79 6.36 0.80 9.44 12.45 2.56 2.90 2.64 0.35 0.95 1.49 0.27 19.80 23.38 33.65
P content of root
R WA R/ %

1.13 0.81 1.63 3.45 2.07 6.47 0.30 0.18 0.31 0.51 0.34 1.01 44.91 41.76 61.98

P use efficiency of root
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Tab.3 Correlation analysis of relative values of low phosphorus tolerant characteristics in soybean

. s R T B R4 T h o EERT BTR M R T e L R B
Dry weight Fresh weight Dry weight Fresh weight Root/shoot P content
Characteristic Root length
of root of root of shoot of shoot ratio of root
T B4k
‘ 0.079
Dry weight of root
0.084 0. 838
Fresh weight of root
Mo 1 . .
) 0.043 0.746 0.782
Dry weight of shoot
i L f 5T A - . -
) 0.031 0.555 0.694 " 0.869
Fresh weight of shoot
. -0.092 =0. 447 -0.234 0.184" 0.275
Root/shoot ratio
-0.087 -0.437 -0.233 0.167 0.263 0.970
P content of root
LN DRSS . . . .
-0.088 -0.322 -0.354 0.114 0.390 0.694 0.702"

P use efficiency of root

o owx RN R FE K (P<0.01) 5 = FR BEHK(P<0.05),

i : #% means correlation is significant at 0. 01 level; * means correlation is significant at 0. 05 level.
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Tab.4 Principal component analysis of relative values
of different characteristics in soybean
s 1 gy 2

Component 1 Component 2

PR Characteristic

R4 Root length 0.139 -0.076
HR & i i Fresh weight of root 0.930 0.193
T F & Dry weight of root 0.954 0.031
b L3R4 {2 Fresh weight of shoot 0.598 0.745
Hu |3 F B Dry weight of shoot 0.745 0. 623
9 t Root/shoot ratio -0.476 0.828
AR BE S P content of root -0.479 0. 824
HRABFI R P use efficiency of root -0. 425 0.752
YA Eigenvalues 3.346 2.917
BiHk R /% Contribntion rate 41. 827 36. 465
ZTTHRA /% Accumulating contribution rate  41. 827 78.291

F T FIEE S 3. 346, TTER IR F 41. 827% , Ho Xt
N 4 AHE KB REAE ] o o AR 6 T AR T AL b b
L TR T R 2 MR (R 2. 917, 5t
k%R 36.465% , I 5 AN K A REAE ) 5 o R 56
o AR RS AR R WA A A b S R T
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Tab.5 Cluster analysis of soybean lines based on their low phosphorus tolerance

i ¥ AU Line code number b
Type D value
I ZN-251, ZN-299  ZN-229 ZN-9 ZN-144 ZN-8 ZN-289 ZN-177, ZN-40.ZN-146,L ZN-87, ZN-15,k ZN- 0.67
91, ZN-281
I ZN-261, ZN-219, ZN-220, ZN-186, ZN-14 ZN-155 ZN-108, ZN-268, ZN-204 ZN-5,  ZN-216 ZN-119 0.46
ZN-133, ZN-207, ZN-6, ZN-296 . ZN-159 ZN-3 ZN-253 , ZN-208 , ZN-288 , ZN-52 .ZN-156, ZN-212, ZN-
171, ZN-114 ZN-255, ZN-298 . ZN-109 , ZN-275, ZN-97 , ZN-95 , ZN-173  ZN-238 , ZN-107, ZN-249  ZN-
272, ZN-273 ZN-2, ZN-56, ZN-217  ZN-157, ZN-276 . ZN-16, ZN-10, ZN-162, ZN-123 , ZN-113, ZN-61,
ZN-174 , ZN-250, ZN-284  ZN-258  ZN-241,  ZN-183 ZN-94 7ZN-228 7ZN-49 7ZN-294 7ZN-163, ZN-38,
ZN-36, ZN-80, ZN-147, ZN-28 ZN-202, ZN-141, ZN-231, ZN-70  ZN-86, ZN-1, ZN-7, ZN-254  ZN-103,
ZN-152, ZN-187, ZN-175, ZN-50, ZN-176, ZN-262 . ZN-293 | ZN-287, ZN-116, ZN-126, ZN-96 , ZN-206 ,
ZN-286
I ZN-81, ZN-47, ZN-63, ZN-17, ZN-45 ZN-172, ZN-138 ZN-277, ZN-195  ZN-46, ZN-280, ZN-274 , ZN- 0.30

13, ZN-215, ZN-160, ZN-34 , ZN-68, ZN-43  ZN-53 ZN-128 ZN-134 ZN-209, ZN-168, ZN-211, ZN-
135, ZN-271, ZN-23 ZN-121, ZN-21, ZN-93  ZN-66, ZN-278  ZN-99 | ZN-85, ZN-244  ZN-169, ZN-122
ZN-153, ZN-200, ZN-252  ZN-72, ZN-245 ZN-230, ZN-232 ZN-110, ZN-260, ZN-227 ZN-64, ZN-205,
ZN-82, ZN-234  ZN-248 7ZN-246, ZN-67, ZN-4 ZN-129 ZN-189 ZN-42 7ZN-58 6 ZN-59 L ZN-55, ZN-
193, ZN-20, ZN-218, ZN-148 ,  ZN-198, ZN-161, ZN-164 , ZN-239 ZN-132  ZN-279, ZN-125 ZN-143,
ZN-90, ZN-22, ZN-130, ZN-29  ZN-69, ZN-247 ZN-282 ZN-83  ZN-257,  ZN-57, ZN-265, ZN-137 , ZN-
37, ZN-32  ZN-182  ZN-203, ZN-60, ZN-297 , ZN-140, ZN-77, ZN-31, ZN-184  ZN-84 ZN-19,  ZN-62,
ZN-18, ZN-283  ZN-76, ZN-235  ZN-285, ZN-167, ZN-151 ZN-181, ZN-41, ZN-201, ZN-166, ZN-88, ZN-179,
ZN-105, ZN-223 ZN-74 ZN-221 ZN-92 ZN-150, ZN-30, ZN-170, ZN-33 | ZN-127, ZN-48 . ZN-136, ZN-
11, ZN-24 ZN-185, ZN-222 7ZN-12  ZN-290, ZN-240, ZN-78 , ZN-75, ZN-226, ZN-102, ZN-100, ZN-
266, ZN-154, ZN-106, ZN-124 | ZN-233 | ZN-89, ZN-225, ZN-267, ZN-104, ZN-192, ZN-149
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